A glycoprotein responsible for the antiphagocytic properties of Campylobacter fetus has been identified by comparing cells of a wild-type strain with those of a mutant lacking this substance. The antiphagocytic component is demonstrable through electron microscopy as a discrete, negatively charged structure on the periphery of the cell. It is readily removed from the cell by mild extraction procedures and contributes to the inagglutinability in 0 antiserum normally displayed by C. fetus. Cells possessing this antigen are refractory to ingestion by macrophages except in the presence of specific antiserum. In its absence maximum phagocytosis occurs without a requirement for opsonins. It is concluded that the antiphagocytic component comprises a critical virulence factor of the bacterium. 
17:144, 1974).
Pathogenic bacteria that exist in animals as extracellular parasites owe their immediate survival in host tissues to the ability to resist phagocytosis. Van Oss and Gillman (21) reported that the ease with which cells are phagocytized may be ascribed to the hydrophobicity of the bacterial cell surface relative to that of the phagocyte. Bacteria with hydrophilic surface components, e.g., encapsulated strains, resist engulfment, whereas hydrophobic microorganisms are readily phagocytized.
In a previous study of superficial antigens of C. fetus, two antigens, a and c, were described (E. C. McCoy et al., J. Bacteriol., in press). The present study was conducted in an attempt to localize these antigens through electron microscope techniques and to determine whether their presence on the cell surface is associated with the phagocytic phenomenon.
MATERIALS AND METHODS
Bacterial strains. C. fetus subsp. fetus (intestinalis) strain 23D, maintained in lyophilized form after its isolation in 1962 from an aborted 5-month bovine fetus, was used throughout this study. The mutant strain, 23B, which lacks antigen a, was isolated by random selection of colonies from agar plates. Comparison of the two strains did not reveal differences in colonial morphology, biochemical characteristics, antibiotic sensitivities, or 0 serotype. Both strains exhibited colony morphology of the smooth type (1) and biochemical reactions typical for intestinal strains (9) .
Media and growth conditions. Brucella broth (Difco) supplemented with 12.5 mg of glutathione, 37.5 mg of sodium thioglycolate and 200 mg of cysteine-hydrochloride per liter of medium, or cystine heart agar (Difco), was used for the cultivation of C. fetus.
For ultrastructural studies, cultures which had been maintained in brucella broth containing 0.16% agar were transferred three times at 9-h intervals in brucella broth overlay cultures. The bottle cultures were incubated at 37 C in vacuum desiccator jars in an atmosphere of 87.5% N2, 10% CO2, and 2.5% O2.
For antigen extractions, batch cultivation of C. fetus was conducted in brucella broth. Flasks were inoculated with seed cultures to an estimated optical density at 525 nm (OD,2,) of 0.05 and incubated in a shaker incubator (New Brunswick) for 16 h at 175 rpm. Cultures were gassed continuously with a mixture of 87.5% N2, 10% CO2, and 2.5% O2.
Organisms used in opsonization experiments were cultivated under the same microaerophilic conditions for 2 days on cystine heart agar blood plates containing antibiotics at concentrations which do not affect the growth of C. fetus (23) .
Extraction of antigens from whole cells. Stationary-phase cells were separated from the medium by centrifugation, washed twice with distilled water, and suspended in 100 ml of 0. (8) .
Additional rabbits were immunized subcutaneously and into one footpad with 2-day whole-cell cultures of 23D and 23B cells emulsified in complete Freund adjuvant. Two milliliters of emulsion, containing approximately 4 x 108 C. fetus cells, was administered to each animal. Four weeks later each rabbit was injected intramuscularly with 1 ml of ultrasonic extract derived from the same strain used in the prior immunization. Rabbits were exsanguinated approximately 1 week after the final immunization.
Cells of' strain 23D were steamed for 2 h and used to produce antiserum by methods used previously (8, 22) . Negative staining. Copper grids, 200 mesh, were coated with 0.18% Formvar and carbon stabilized. Cells were transferred to grids by flotation of the grid on a drop of cell suspension for 2 min. Grids were drained on filter paper and washed with distilled water, drained, and transferred to a drop of' 0.5'% uranyl acetate for 1 min.
Labeling with cationized ferritin. The method used was essentially that of Danon et al. (6) . Cells harvested after 9 h of growth were washed three times by centrif'ugation with Veronal-hydrochloride-buf'-fered saline solution, pH 7 
RESULTS
Extraction of strain 23D in glycine-hydrochloride buffer. Immunodiffusion and immunoelectrophoresis with whole cell antiserum revealed the presence of three principal antigens in acid extracts, none of which corresponded to the 0 antigen (Fig. 1A) 11, 1975 high as 640, while no agglutination of 23B cells at either phase of growth was observed at a titer Of 10. Hyperimmune rabbit antiserum produced with strain 23D contained abundant a antibodies when tested in immunodiffusion. No a antibodies were detectable in 23B hyperimmune serum.
Negative staining of strains 23D and 23B. Negatively stained samples of 9-h cultures of strains 23D and 23B (Fig. 2, 4 ) revealed a striking difference in the outer cell envelopes in that an additional structural layer was present in strain 23D. This layer was much less apparent during the stationary growth phase (Fig. 3) . At the early time intervals, extracellular material was frequently noted in strain 23B but the distribution of this material on the cell surface was patchy and could not be demonstrated on the majority of cells in a given preparation.
Labeling ferritin, a technique which has been used to label negative charges on cell surfaces (6), revealed distinctive differences in charged groups on the respective organisms. Cationized ferritin bound strongly to the cell surface of strain 23D organisms, whereas binding to the cell surface of 23B was not observed in any of the preparations examined. Binding to the basal portion of the flagellum was noted in both strains (Figs. 5, 6 ).
Labeling of strains 23D and 23B with ferritin-conjugated antiserum. Four antisera, produced with immunoprecipitates, were used as intermediate layers. Three of these (311, 320, and 321) had been produced against antigen a and one (327) against antigen c. Each of the a antisera produced a single arc in immunoelectrophoresis when either acid extracts or ultra--^< 4 sonic extracts were used as antigens (Fig. 1B) Phagocytosis. Phagocytic indexes of strains 23D and 23B are tabulated (Table 2 ). In the absence of antibodies essentially all macrophages were engorged with 23B organisms, whereas phagocytosis of 23D was minimal. Addition of a antiserum resulted in maximal phagocytosis of strain 23D. Serum 327 produced a single arc in immunoelectrophoresis (Fig. 1B) utilized in this study, an antiphagocytic surface structure doubtless functions as a critical virulence factor in both intestinal and venereal strains. Thus, inagglutinability in 0 antiserum is a general characteristic of C. fetus (17) and venereal strains are resistant to phagocytosis ( 
